Confirmation of drugs of abuse by gas chromatography-mass spectrometry (GC-MS) is the most time-consuming process used by drug-testing laboratories. Cost effectiveness and competitive turnaround times for testing results demand fast, efficient, and reliable extraction methods. We applied the Cerex Polycrom-THC solid-phase extraction (SPE) column to the extraction of 11-nor-z~%tetrahydrocannabinol carboxylic acid (9-THCA) from urine. This column uses an anion exchange divinyl-benzene copolymer, which requires no pH adjustment after hydrolysis of the THC-glucuronide with base, as is necessary with many other SPE columns. With urine, no preconditioning of the SPE column was necessary. After extraction, trimethylsilyation derivatization was performed with N-methyI-N-(trimethylsilyl) trifluoroacetamide. This further improved efficiency because no heated incubation was required. A method correlation to an existing liquid-liquid extraction was performed. Analysis was on a Finnigan Voyager GC-MS with a 2.5-min run time per injection. Using 9-THCA-d9 deuterated internal standard, the assay was linear from 2 to 2000 ng/mL Total precision at the 15-ng/mL cutoff concentration was 4.4%. The Cerex column was also evaluated for interference using lwo common drug-test adulterants, Klear TM and Urine Luck TM. Considerably less interference was observed when compared to an existing liquid-liquid method.
Introduction
Confirmation of drugs by gas chromatography-mass spectrometry (GC-MS), including extraction steps and instrumental analysis, is the most labor-intensive step in drug-testing laboratories. Turnaround time for confirmation results may range up to 72 h or longer. Failed specimens or entire failed batches due to interfering substances, poor recovery, or other factors add to cost and turnaround time. Previous studies have demonstrated that solid-phase extraction (SPE) is often superior to liquid-liquid extraction methods in producing cleaner chromatography with reduced baseline signal and fewer interfering peaks (1) . Efficiency through automation is key for laboratories to be productive and competitive. Over the past several years, SPE products have contributed to improved drug-testing methods. Some of these are more adaptable to automation than others and also reduce the number of steps involved in the extraction process. Our laboratory has been searching for an SPE column that lends itself to full automation with fewer and more efficient extraction steps. The Cerex Polycrom-THC SPE column is used routinely in hair drug testing laboratories for its clean and efficient extraction of 11-nor-Ag-tetrahydrocannabinol carboxylic acid (9-THCA).
The objective of this research was to evaluate the Cerex Polycrom-THC SPE column for these parameters in the extraction of 9-THEA from urine. Two common drug-test adulterants, Klear and Urine Luck, were also evaluated for interference using the Cerex SPE column.
Experimental

Reagents and supplies
The 9-THCA and 9-THCA-d9 standards were purchased from Radian International LLC (Austin, TX). Reagent-grade acetonitrile, ethyl acetate, ammonium hydroxide, sodium hydroxide, and acetic acid and miscellaneous tubes, pipets, and autosampler vials were obtained from Fisher Scientific (Pittsburgh, PA). The derivatizing reagent N-methyl-N-(trimethylsilyl) trifluoroacetamide (MSTFA) was purchased from Campbell Science Corp.
(Rockton, IL). The Cerex Polycrom-THC SPE columns were supplied by Cera, Inc. (Baldwin Park, CA).
The two common drug-test adulterants Klear and Urine Luck were obtained from a local drug paraphernalia store and ordered from an Internet website.
Apparatus
A Cerex SPE processor TM 24-place positive-pressure manifold was obtained from Varian (Harbor City, CA). The TurboVap TM LV Evaporator sample concentrator station from Zymark Corp. (Hopkinton, MA) was used to evaporate solvents.
Instrumentation
All analyses were performed using a Finnigan Voyager GC-MS equipped with a 220-volt oven, an A220S autosampler, and ToxLab TM software (Thermoquest, San Jose, CA). Data acquisition was in the selected-ion monitoring (SIM) mode using electron ionization. The GC was equipped with a DB-5ms capillary column (15 m x 0.25-ram i.d., 0.25-1Jm film thickness, J&W Scientific, Folsom, CA). The instrument was tuned every 24 h using perflurotributylamine, and the detector voltage was operated at 350 mV.
Methods
The Cerex SPE extraction used a 2-mL aliquot of urine. A volume of ]00 !uL (1 ng/lJL) of 9-THCA-d9 deuterated internal standard was added to each tube. Hydrolysis was performed by adding 1 mL of 4M sodium hydroxide, then vortex mixing and incubating at room temperature for 10 rain. After hydrolysis, the sample tubes were centrifuged for 2 rain at 2500 rpm. The supernatant was transferred onto the Cerex Polycrom-THC SPE columns in the positive pressure manifold at 3-5 psi. Using a disposable plastic transfer pipet, 3 mL of wash solution (HPLC-grade water/acetonitrile/ammonium hydroxide, 85:15:1) was added at 25-30 psi, then 3 mL of ethyl acetate was added at 25-30 psi. The columns were dried for 2 rain at 25-30 psi. The analytes were eluted into clean screw-top tubes with 3 mL of elution solvent (hexane/ethyl acetate/glacial acetic acid, 90:10:1). The tubes were dried for 5 rain in a Zymark TurboVap TM heated to 55~ To derivatize the compounds, 75 ]JL of ethyl acetate and 25 IJL of MSTFA were added to each tube. The tubes were vortex mixed and the contents transferred to autosampler vials and capped. No heated incubation was necessary to complete the derivatization.
The liquid-liquid extraction also used a 2-mL aliquot of urine. A volume of 100 I~L (1 ng/tJL) of 9-THCA-d9 deuterated internal standard was added to each tube. Hydrolysis was performed by adding 1 mL of 4M sodium hydroxide, then vortex mixing and incubating at room temperature for 10 rain. Heptane was added to each tube, and the tubes were placed in an extraction shaker for 10 min. The tubes were then centrifuged for 5 rain at 2500 rpm and the organic layer discarded. A 1-mL aliquot of 6N He1 was added to each tube. The tubes were vortex mixed, and hexane/ethyl acetate (50:50) was added. The tubes were again placed on the shaker for 10 min, centrifuged for 5 rain, and the top layers transferred to clean tubes. The hexane/ethyl acetate was evaporated, and the 9-THCA was reconstituted and derivatized by adding 75 IJL ethyl acetate and 25 IJL MSTFA. This procedure was drawn from several sources and modified in house. The use of capillary column chromatography and some other aspects of the procedure are consistent with the method of Foltz et al. (2) .
Calibrators were prepared in drug-free urine at 6-, 15-, and 60-ng/mL levels. A 15-ng/mL 9-THCA glucuronide control was also included to check the hydrolysis, extraction of 9-THCA, and accuracy of the calibrators.
GC-MS analysis
Helium, set at 2 mL/min constant flow, was used as the cartier gas. The injection volume was I ]JL, with the instrument operated in the split-injection mode (ratio 20:1). The injection-port temperature was 220~ The detector temperature was 300~ The GC temperature program started at 200~ with a 0.2-rain hold, then raised 70~ to 300~ with a final hold time of 1 rain. The monitored ions were m/z 371,380, 473, 479, and 488. The quantitative ion for 9-THCA was m/z 371. The quantitative ion for the internal standard was m/z 380. Quantitation was performed by comparison to a three-point calibration curve at 6, 15, and 60 ng/mL using Finnigan ToxLab software (3).
Results and Discussion
Accuracy and precision
To evaluate the accuracy and precision of the Cerex method, samples spiked at various concentrations of 9-THCA were analyzed in replicates of five. The mean results for within-run precision and accuracy were calculated. Between-run accuracy and precision were also calculated. The results are shown in Table I . The overall coefficient of variation of the method at the 15-ng/mL cutoff concentration was 4.4%. 
tinearity and sensitivity
Lineafity and sensitivity were tested by injecting five replicates at various concentrations of 9-THCA. For the limit of detection (LOD) and upper limit of linearity (ULOL), the criteria of within 85-115% accuracy of the target concentration, < 10% CV precision, and ion mass ratios within 20% of the weighted average of the calibrators were used. The sensitivity of the instrument allowed split-injection analysis, which extended the linearity of the assay. The LOD and ULOL for 9-THCA were 2 ng/mL and 2000 ng/mL, respectively. For reference, the concentration of the deuterated internal standard was 50 ng/mL. Figure 1 shows the ion chromatogram of rn/z 371 and demonstrates excellent signal-to-noise ratio and sensitivity when using a 20:1 split injection at 2 ng/mL 9-THCA. The detector voltage was set at 350mV, and the peak abundance was greater than 95,000.
Method comparison
The Cerex SPE column was compared to an existing 9-THCA liquid-liquid extraction. Employment drug-testing specimens (n = 277) from different areas of the United States were collected, sent to our laboratory, and found initial-test-screen positive by immunoassay for cannabinoids. These 277 specimens were then extracted by both the existing liquid-liquid produc- tion method and the Cerex method before GC-MS confirmation. Extract cleanliness, chromatography, ion mass ratios, and labor savings were evaluated. More than 60 of the 277 specimens extracted by a liquid-liquid method failed during analysis for poor chromatography or recovery. Using the Cerex column, only 3 of 277 specimens displayed unacceptable chromatography. With a cleaner final extract and improved chromatography, the Cerex column decreased the assay failure rate by more than 95%. The time and labor savings achieved were also significant, with a decrease in the "hands on" extraction time of more than 50%. For a batch of 48 samples, including controls and calibrators, the Cerex column allowed an extraction time of less than 1 h, whereas the liquid-liquid method took more than 2.5 h. Several factors added to the time efficiency of the extraction. For example, the anion exchange divinyl-benzene copolymer required no pH adjustment after base hydrolysis of the 9-THCA-glucuronide conjugate. With urine, no preconditioning of the SPE column was necessary (4). Drying time, prior to elution, on the Cerex positive-pressure manifold was 2 min. The overall correlation for sample quantitation (method ac-
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curacy) between the two methods produced a correlation coefficient (r) of 0.9987 (see Figure 2) .
m/z 371
Recovery Spiked controls at 15 ng/mL 9-THCA were extracted by both the liquid-liquid method and the Cerex method. After completing the extractions, prederivatized internal standard was added to all tubes. Experiments were performed in triplicate. Recovery was evaluated by comparing the extraction yield of the Cerex SPE method to both an unextracted control and the liquid-liquid method. With total recovery greater than 95%, the Cerex column compared favorably to the 98% extraction yield of the liquid-liquid method. Room temperature derivatization with MSTFA was optimized by evaluating various ,,~o solvents, solvent volumes, and GC injectionport temperatures. Figure 3 shows the effect of injection-port temperature on the area count response of the analyte. Each experiment was performed in duplicate. The injection-port temperature used for the study was 220~ 
Interference
The popular drug testing adulterants Klear, active ingredient nitrite ion (5), and Urine Luck, active ingredient pyridinium chlorochromate, were also evaluated using the Cerex SPE column. Drug-free urine was spiked to contain 15 ng/mL 9-THCA. The equivalent amount of each adulterant, consistent with package instructions, was also added. The drug-spiked urine tubes with the adulterants added were allowed to sit at room temperature for 24 h to simulate the passage of time between adulteration, collection, and initiation of testing by the laboratory. They were then extracted with the Cerex column. Both adulterants showed considerably less interference in the GC-MS analysis as compared with the existing liquid method. Figure 4 displays a normal ion chromatogram for the 9-THCA-d9 internal standard (m/z 380) and quantitative ion (rn/z 371) at 15 ng/mL 9-THCA in the absence of any adulterants.
In the presence of these two adulterants, oxidation of THCA is accelerated by acidic conditions. By omitting the sample pH adjustment after base hydrolysis of the 9-THCAglucuronide conjugate, acidic pH, which is required with many liquid-liquid and SPE methods, can be avoided. Figure 5 shows the effects of Klear on both the liquid and Cerex method of extraction. Figure 6 illustrates the effects of Urine Luck on the liquid extraction and Cerex method.
Although the use of the Cerex column enabled confirmation of 9-THCA in the presence of both adulterants, a potential trap may be set if the result is reported as positive. It is customary for employers to allow a retest of the specimen at the request of the donor. In fact, the donor has control of his or her own split specimen in Federal DOT testing. An original 9-THCA-positive result in the first test may not be able to be reconfirmed, even with the Cerex column, because of the passage of time and further oxidation of the 9-THCA by the adulterants. For this and other reasons the National Laboratory Certification Program for federally regulated drug testing has required laboratories to not report a positive drug-test result if the specimen is verified as adulterated (6) . However, the laboratory is allowed by the Program to conduct the drug confirmation if it chooses, but not report the confirmation test result.
Conclusions
The Cerex Polycrom-THC SPE column provides a clean and efficient method for extracting 9-THCA from urine, with total extraction time well under 1 h. The anion exchange divinyl-benzene copolymer requires no sample pH adjustment after base hydrolysis of the THC-glucuronide conjugate. No preconditioning of the SPE column is necessary. Drying time, prior to elution, on the Cerex positive-pressure manifold is only 2 min. With injection-port MSTFA derivatization, this method is highly applicable to automation. Using the 9-THCA-d9 deuterated internal standard, linearity was demonstrated from 2 to 2000 ng/mL with a 2.5-rain analysis time on a Finnigan Voyager GC-MS. With a cleaner final extract and improved chromatography, the Cerex column decreased the assay failure rate by more than 95%. When compared to an existing liquid-liquid extraction, a considerable savings in time and labor was also found. Total drug recovery was similar to the liquid-liquid extraction. When using the Cerex column, both adulterants showed little or no interference in the GC-MS pattern.
